Essential oils obtained by hydrodistillation from the rhizomes of Etlingera pyramidosphaera (K. Schum.) R. M. Sm, E. megalocheilos (Griff.) A.D. Poulsen, comb. nov., E. coccinea (Blume) S. Sakai & Nagam, E. elatior (Jack) R. M. Sm, and E. brevilabrum (Valeton) R. M. Sm were analyzed by GCMS. The highest oil yield was obtained from E. pyramidosphaera (0.45%), followed by E. elatior (0.38%), E. coccinea (0.30%), E. brevilabrum (0.28%) and E. megalocheilos (0.25%). The major constituents of the essential oils were oxygenated monoterpenes, followed by sesquiterpenes, oxygenated sesquiterpenes, oxygenated diterpenes and diterpenes. The essential oils from E. pyramidosphaera and E. brevilabrum exhibited the best cytotoxicity against MCF 7 (LC 50 : 7.50.5 mg mL -1 ) and HL 60 (LC 50 : 5.0 mg mL -1 ), respectively. Strong inhibition was also observed for the essential oils of E. coccinea and E. megalocheilos against Staphylococcus aureus (MIC: 8.00.5 mg mL -1 , and 5.00.5 mg mL -1 ) and Streptococcus pyrogenes (MIC: 6.00.5 mg mL -1 and 8.00.5 mg mL -1 ).
In Borneo, other members of this genus are widely utilized as salad or used in traditional medicine. E. coccinea, which is locally known as "Tuhau", is consumed as pickles and utilized as a traditional remedy for stomach ache, food poisoning and gastric problems [3] . In a recent report, Poulsen [3] described in detail the traditional uses of the species reported in this investigation as a food and traditional medicine of the indigenous communities. The young shoots, inflorescences, fruits and flower buds are consumed by the various indigenous communities as a condiment, eaten as salad, cooked, used as traditional medicine for the treatment of stomach ache and ear-ache, as a wound cleanser, and post-partum for women as a bath infusion to remove body odor [3, 4, 6] .
To our knowledge, research on the chemical constituents of Etlingera is confined to the identification of caffeoyquinic acids and phenolics from the leaves of E. elatior and several other Etlingera species [6] . The leaves of E. elatior were reported to contain flavonoids such as kaempferol 3-glucuronide, quercetin 3-glucuronide, quercetin 3-glucoside and quercetin 3-rhamnoside [7, 8] . Extracts of E. elatior have been reported to exhibit strong antibacterial and antioxidant activities [1, 6, 8] . Similarly, information on the essential oil profile of Etlingera species is also confined to E. elatior. Hence, due to the limited information on the composition of Etlingera essential oils, we investigated the composition of five species that are commonly found and utilized by the people of Borneo (Table 1) .
A total of thirty-nine volatile compounds were separated and identified by GCMS ( In a previous study of E. elatior, it was reported that sesquiterpene hydrocarbons were the major components of the leaf essential oil, with oxygenated monoterpenes being dominant in the rhizome and stem oils, whereas monoterpene hydrocarbons are often related to the flowers of the ginger [9, 10] . The differences observed in the rhizome oils between the earlier report and our study could be NPC Natural Product Communications attributed to the differences in soil, altitude, and cultivar, as these differences are common and well documented in gingers [11] .
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However, there were no reports for the essential oil composition of the other species described in this report and to the best of our knowledge, this is the first report on the essential oil composition of these four Etlingera species. The most abundant volatile in E. megalocheilos was aromadendrane oxide (23.5%), in E. pyramidosphaera lauryl acetate (29.6%), in E. brevilabrum elemicin (35.6%), in E. coccinea borneol (25.8%), and in E. elatior 1-dodecanol (38.2%). Dodecanol has been previously reported in high concentrations in E. elatior [12] .
Antibacterial activities of the essential oils were evaluated against four strains of clinical bacteria, Staphylococcus aureus, Staphylococcus sp., Streptococcus pyrogenes and Salmonella enteritidis ( Table 3 ). E. megalocheilos, E. coccinea and E. elatior inhibited all the four tested bacteria with MIC values of less than 10 g/mL 1 . The other two Etlingera species inhibited two of the four tested bacteria. These antibacterial data complement the reports of traditional practitioners who use the oils of E. megalocheilos and E. coccinea as a wound cleanser and remedy for ear infections. The other Etlingera species, E. pyramidosphaera and E. brevilabrum, also showed interesting selective inhibition against S. aureus and S. pyrogenes, with MIC values ranging from 40.0 g/mL -1 to 120.0 g/ mL -1 . These species are also widely used by certain indigenous communities that do not use either E. megalocheilos or E. coccinea due to their strong fragrance.
The antibacterial activities of the essential oils of gingers are closely associated with the presence of oxygenated monoterpenes and other bioactive secondary metabolites. Previous studies on gingers reported oxygenated monoterpenes to display broad-spectrum antibacterial activity and were compared with penicillin [9, 13, 14] . The data obtained in this investigation showed that the essential oil of E. megalocheilos and E.coccineaas were potent antibacterial oils.
The dominant presence of borneol (28.3%) and the availability of camphor (3.8 %) could possibly be the cause of the potent activity since these volatiles have been reported to possess a broad spectrum of antibacterial activity [15] . Similarly, the antibacterial activity of E. elatior, though weaker than the other gingers suggests that the incorporation of this ginger in local delicacies and as a medicine could have health benefits.
Cytotoxic activities of the essential oils were tested against human breast adenocarcinoma (MCF-7), human cervix carcinoma (HeLa), lymphocytic leukemia (P388) and human promyelocytic leukemia cell lines (HL 60) ( Table 4 ). Essential oils of E. megalocheilos, E. coccinea, E. elatior and E. brevilabrum showed good inhibition of all the four tested cell lines. The oil of E. brevilabrum, in particular, was potent against all the tested cell lines with LC 50 values of 5 to 15 g/mL -1 . On the other hand, the essential oil of E. pyramidosphaera exhibited selective inhibition against MCF 7 and P 388, but at very low concentrations (7.50.5 and 5.01.5 g/mL -1 , respectively). To the best of our knowledge, only an ethanolic extract of E. elatior has been studied before; this was reported to be cytotoxic to the HeLa cell line, which complements data obtained in our investigation [16] . Findings from this investigation indicate that oils from E. pyramidosphaera and E. brevilabrum exhibit potent inhibition against cancer cell proliferation with low LC 50 values. These could be further investigated as lead pharmaceutical candidates in animal model studies.
The trend in cancer cell inhibition could be explained, as there are variations in composition of volatile mono-and sesquiterpenes. The synergism between active compounds is most likely the reason behind the cytotoxicity of essential oil [17] . Borneol, camphor, caryophyllene and elemicin were reported to inhibit proliferation, stimulate apoptosis, and induce cell cycle arrest in malignant cells [18] . It is local knowledge that asserts that consumption of these gingers promotes good health and longevity.
Experimental
Plant materials for essential oil analysis: Fresh rhizomes (200 g) were chopped and subjected to hydrodistillation for 8 h using a Clevenger-type apparatus. Distilled oil was collected in GR-grade n-pentane (Merck, Germany), dried over sodium sulfate anhydrous (Sigma, USA), concentrated in vacuo, stored in air-tight glass vials, flushed with nitrogen (N 2 ) gas and kept at -81 ºC prior to analysis.
GCMS analysis:
Modified methods of Sandri et al. [19] and Chryssavgi et al. [20] were used to investigate the chemical composition of the oils of Etlingera. Analysis of the essential oils was performed using a Shimadzu QP-2010 gas chromatograph attached to a Shimadzu GCMSQP-2010 plus detector (Shimadzu Corp., Japan) with a SGE BPX-5 (30.0 m X 0.25 μm i.d., film thickness 0.25 μm) fused silica capillary column. High purity helium was used as the carrier gas at a constant flow rate of 0.8 mL min -1 . One L of sample was injected (split ratio 1: 30) into the GCMS using an AOC5000 auto-injector. The initial temperature was set 50 °C, then heated at a rate of 3 °C min -1 to 280 °C and held isothermally for 5 min. The ion source temperature was set at 200 °C and the interface temperature at 280 °C. The mass spectrometer was set to operate in EI mode with an ionizing energy of Cytotoxic activity: Cancer cell lines were cultured in RPMI-1640 medium containing 10 % fetal bovine serum, 100 g mL -1 of kanamycin, and 10 g/mL 2-hydroxyethyl disulfide at 37 C under 5 % CO 2 . A total of 100 µL test solution dissolved in RPMI-1640 medium was added to each well of the 96-well microplate containing 100 µL tumor cell suspensions (1 x 10 4 cells/mL) and incubated at 37°C for 96 h. Then, 50 µL of 3-(4,5-dimethyl-2thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) saline solution (1 mg mL -1 ) was added to each well and incubated for 3 h under the same condition in order to view live cells. Upon incubation, the plate was centrifuged and the supernatant removed and cells mixed with 150 µL of DMSO to determine the IC 50 values [21] .
Antibacterial activity: Antibacterial assay was performed via the disc diffusion method against 4 strains of food pathogenic bacteria: Staphylococcus aureus (HP0808), Staphylococcus sp. (HP1008), Streptococcus pyrogenes (HP1208) and Salmonella enteritidis (HP0608). These bacteria were obtained from the Department of Pathology, Queen Elizabeth Hospital, Kota Kinabalu, Sabah, Malaysia. Disc diffusion bioassay was carried out as reported by Vairappan et al. [22] .
